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There are three aspects to any considera-
tion of pulmonary function. Normal pul-
monary function requires ( i ) efficient 
transfer of gases to and from the blood 
across the alveolo-capillary membrane, (2) 
effective distribution of blood through the 
entire pulmonary capillary bed and (3) 
efficient alveolar ventilation. All are of 
equzl importance but one or other aspect 
may be predominantly disturbed by any 
particular disease. 
Physiotherapeutic methods are essenti-
ally mechanical. As such it is at least 
conceivable that they may influence 
alveolar ventilation in some way but more 
difficult to see how they may affect other 
aspects of pulmonary physiology. The 
functional tests which are relevant to 
1 Based on a lecture to the Victorian Branch of the 
Australian Physiotherapy Association in May, 1958. 
physiotherapy are thus chiefly those con-
cerned with the ventilatory mechanics and 
capacity of the individual; the word 
"individual" is chosen deliberately to 
emphasize that there are many factors out-
side the lungs and. thorax which influence 
the process of breathing. In this paper, in 
spite of our prime concern with ventilatory 
studies, attention will first be directed to the 
other two aspects of efficient pulmonary 
function. The chief reason for this is that 
the aims and role of physiotherapeutic 
techniques are rarely put in proper per-
spective against the complex background 
of disordered physiology which charac-
terizes the pulmonary diseases in which 
they are commonly employed.2 
2 The management of patients undergoing thoracic or 
upper abdominal surgery is outside our present scope; 
the special problems in these circumstances are mechanical 
rather than physiological and are more or less effectively 
dealt with along mechanical lines 
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I. EFFICIENT GAS TRANSFER ACROSS THE 
ALVEOLAR MEMBRANE 
The purpose of respiration is to effect the 
transfer of oxygen from air to blood and of 
carbon dioxide from blood to air. If there is no 
difficulty in shifting air into the alveoli from the 
environment and vice versa, and if the inspired 
air is reasonably evenly distributed throughout 
the expanding lungs, then the only remaining 
barrier to gas transfer is the alveolo-capillary 
membrane1 The blood has only just enough time 
in the alveolar capillaries to become fully satur-
ated with oxygen. If the alveolai membrane is 
thickened and less permeable to oxygen, the blood 
leaves the alveoli incompletely saturated. The 
patient shows central cyanosis, which increases 
considerably on exercise because exercise leads 
to increased oxygen requirements; these cannot 
be met however deeply and rapidly the patient 
breathes. Carbon dioxide elimination, on the 
other hand, is not impaired; it is much more 
diffusible than oxygen and consequently has a 
remarkable capacity for getting out across the 
thickest of alveolar walls. 
Gas transfer is affected in a similar way when 
there is widespread loss of alveolar surface area. 
The number of capillaries exposed to "fresh air" 
is reduced; in order that the whole of the heart's 
output each minute may get through the lungs in 
a minute the blood must pass through the remain-
ing capillaries rather faster than normal. There 
is thus insufficient time for oxygen uptake, 
although again carbon dioxide elimination is 
unaffected 
Clinical Conditions—The diseases associated 
with "alveolo-capillary block", as it is called, are 
rare compared with asthma, emphysema or bron-
chitis. Thickening of the alveolar walls and wide-
spread loss of effective surface area for gas 
exchange occur in certain advanced cases of 
sarcoidosis, m some industrial diseases such as 
asbestosis, and in a group of conditions of 
unknown aetiology, the diffuse interstitial pul-
monary fibroses. Rarely, fibrin or carcinoma cells 
may line the alveolar walls and so separate air 
and blood. Loss of effective surface area also 
occurs in emphysema but its effect on gas 
exchange is masked by other physiological abnor-
malities to be considered later. The apparent 
paradox of a voluminous lung (not, incidentally, 
an inevitable accompaniment of emphysema) pre-
senting a diminished surface area for gas 
exchange is explained by Figure i : the surface 
area of a "hole" is less than that of its component 
alveoli. 
Functional Tests2—The facility with which the 
lungs permit the uptake of a given gas by the 
blood may be considered, for present purposes, as 
1 Throughout this paper it is assumed that the ability 
of the blood to carry oxygen and carbon dioxide is normal. 
In this particular section it is also assumed that pulmonary 
blood flow is normal. 
2 For a full discussion of the functional behaviour of 
the lungs the reader is referred to Comroe and others 
(1955). 
a definition of the "diffusing capacity" of the 
lungs for that gas. Oxygen is the gas in which 
we are primarily interested, but, for reasons of 
technical convenience, the diffusing capacity for 
carbon monoxide is more usually measured. The 
patient breathes a very low concentration of this 
gas and the amount absorbed is calculated from 
a knowledge of the concentration in the inspired 
and the expired air. Normally this gas is avidly 
taken up by the blood in the lungs but the ability 
to do this is impaired when the alveolar walls 
are thickened or the available surface area is 
reduced. 
Physio therapeutic Considerations,—P h y s i o -
therapy cannot be expected to influence thickened 
alveolar walls and it is not specifically indicated 
FIGURE I Breakdown of alveolar 
walls in emphysema leaves a large 
space (represented by the circle) 
the surface area of which is reduced 
In general these conditions are resistant to any 
form of treatment Physiotherapy may be useful 
in maintaining morale (something is being done) 
and perhaps in helping the patient to make the 
best of a bad pair of lungs, particularly if there 
is any complicating "bronchospasm". In emphy-
sema there is some prospect of improving aspects 
other than the loss of effective surface area. 
II. EFFECTIVE DISTRIBUTION OF BLOOD THROUGH 
THE CAPILLARY BED 
We are not concerned with the variety of con-
ditions in which the total blood flow through the 
lungs is diminished, as may occur, for example, 
in pulmonary stenosis, but with the distribution of 
pulmonary arterial blood to the alveoli. If all 
this blood is to become properly oxygenated it 
must be distributed evenly amongst the alveoli 
which are being ventilated with air. To make 
this clear, let us take the extreme situation where 
blood is being pumped through a lung which is 
not being ventilated at all, perhaps because its 
bronchus is blocked. This blood returns to the 
left auricle and systemic circulation containing 
no more oxygen and no less carbon dioxide than 
it did when it went in. As half the blood in the 
aorta is thus unsaturated, the patient is very 
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blue. In an asthmatic attack countless small 
bronchi are partly or wholly obstructed with 
resultant impairment of ventilation of the peri-
pheral alveoli. Fortunately, there is some 
mechanism in the lung itself which tends to 
direct the blood to ventilated rather than 
unventilated tissue; otherwise patients with mild 
or moderate asthma would be more cyanosed 
than they are. 
The full clinical significance of uneven blood 
distribution has yet to be worked out As vet 
there is no simple test in routine use to determine 
whether in fact blood is evenly distributed 
amongst ventilated alveoli. If analysis of arterial 
blood shows a reduced oxygen content and a 
raised carbon dioxide level, and if cardio-
pulmonary function is otherwise normal, it may 
be assumed that some blood passing through the 
lungs is not coming into contact with "fresh" 
alveolar air. To the hypothetical example of a 
bronchial block given above may be added the 
example of an artenovenous aneurysm m the 
lung where there is a direct shunting of blood 
from a branch of the pulmonary artery into a 
branch of the pulmonary vein Uneven distribu-
tion of blood relative to air is also known to 
occur in emphysema. 
The foregoing may seem academic. Uneven 
blood distribution is rarely recognizable clinically, 
there is no readily available test for it and physio-
therapeutic methods are unlikely to influence it. 
I have discussed it briefly because I wish to 
emphasize the necessity for thinking of pulmonary 
function in terms of alveolar function; too often, 
particularly in regard to physiotherapy, dispro-
portionate attenion is paid to bronchial function, 
to movements of the thoracic cage and to the 
overall ability to breathe in and out Adequate 
alveolar function depends on an adequate supply 
of blood as well as air, and what is even more 
important, on an appropriate ratio of blood to air. 
It is wasted effort to ventilate an alveolus unper-
fused with blood or to perfuse an alveolus 
which is not ventilated with air. It is also 
impossible to improve oxygen uptake to any 
extent by overventilatmg an alveolus which is 
receiving a normal or reduced amount of blood; 
this blood would leave the alveolus almost fully 
saturated in any case, and it is not possible for 
it to take up any additional oxygen. What is 
fundamentally important to the survival of the 
individual is not what happens at the mouth and 
nose, nor what happens to the chest wall and 
diaphragm, but what happens in the alveoli 
Furthermore, what happens in the alveoli is not 
necessarily related to what happens at the former 
sites. A full appreciation of these facts and a 
recognition of the further fact that physio-
therapeutic methods cannot influence structural 
changes are essential to an understanding of the 
limitations of physiotherapy and to any useful 
attempt to define its role. 
III . EFFICIENT ALVEOLAR VENTILATION 
Efficient alveolar ventilation implies the pro-
vision and even distribution of adequate "fresh 
air" to the alveoli at minimal cost in terms of 
mechanical work and in terms of oxygen require-
ment 
The Provision of Fresh Air 
In considering the provision of adequate fresh 
air we are again interested in the amount which 
will reach the alveoli rather than the amount 
which enters the mouth or nose (the "tidal 
volume"). Fiom the tidal volume we may deduct 
the volume of air which goes to fill the "dead 
space" (trachea, mam bronchi and other parts of 
the lungs and their air passages) which plays no 
part m gas exchange. This volume is normally 
about 100 ml. If breathing is slow and deep, the 
deduction of this small quantity means that there 
is still a large remainder available for distribu-
tion among the alveoli. When breathing is rapid 
and shallow, almost half of each breath may be 
"wasted" in ventilating the dead space. The 
situation may be made clearer by an example, 
worked out for one minute's breathing, in which 
the amount of air entering the mouth remains 
constant but the rate and depth of breathing 
are varied 
(Tidal Volume - Dead Space) x Respiratory Rate 
= Alveolar Ventilation 
(0 5 litre - 0 1 litre) x 12 
= Alveolar Ventilation in litres per minute = 4*8 lities 
per minute. 
These are approximately normal values If the 
rate is doubled, alveolar ventilation falls, 
although, as stated, the amount of air entering the 
mouth each minute (minute volume) may be kept 
at the same figure of 6 litres per minute. 
(0-25 - 0-1) x 24 = 3-6 litres per minute. 
If the rate is decreased, again keeping the minute 
volume constant, alveolar ventilation is increased. 
(1 .0 - 0-1) x 6 = 5.4 l i tres/mmute 
Phyuotherapcutic Considerations—At first 
sight it would seem an advantage to all of us 
to breathe slowly and deeply and so minimize 
for ourselves the effect of our dead space. 
Unfortunately, slow deep breathing requires more 
work. The normal rate and depth of breathing 
are adjusted so that an adequate alveolar venti-
"lation is achieved as economically as possible; 
alteration means increased work There is also 
experimental evidence to show that in a variety of 
pulmonary diseases the rate and depth of breath-
ing are similarly adjusted to obtain the best 
possible alveolar ventilation on the most 
economical terms. Furthermore, if the rate of 
breathing is made very slow, the air in the alveoli 
at the end of a complete respiratory cycle of 
inspiration and expiration is becoming "stale". 
Blood passing through them at this stage would 
fail to become fully saturated with oxygen and 
would fail to lose the correct amount of carbon 
dioxide. As soon as this blood reached the 
respiratory centre it would lead to a change in 
the depth and rate of respiration in such a 
direction as to correct the abnormality. There is 
therefore no justification, if only because it is 
hopeless, for teaching slow deep breathing as an 
end in itself, that is, as a physiologically desirable 
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aim. This is not to say that slow deep breathing 
may not be a useful teaching aid for a particular 
purpose. It probably helps certain patients by 
giving them some confidence in their ability to 
"breathe well" and to be masters of their breath-
ing at times of stress instead of terrified slaves 
to it Slow deep breathing can be used effectively 
only for short periods of a minute or two The 
rate taught should never be less than eight per 
minute. Patients with an abnormally high resting 
respiratory rate (unaware that their breathing is 
the object of study) should not be taught any 
breathing exercises at a rate less than about 
sixteen breaths per minute This is most 
important in patients with pulmonary fibrosis 
showing this abnormality: a rapid respiratory rate 
occurs in only a small proportion of emphyse-
matous subjects. 
The Even Distribution of Air 
Even distribution of inspired air to the alveoli 
is as important as even distribution of blood It 
was also indicated previously that blood and air 
must be distributed evenly in appropriate pro-
portions. Obviously, to quote the extreme 
example, it would be most serious to have all 
the blood going to one lung and all the air to the 
other. In the poorly ventilated lung oxygen con-
centration in the alveolar air rapidly decreases 
while carbon dioxide concentration increases; 
within a short time blood going through that 
lung is unable to acquire oxygen and unable to 
discharge its carbon dioxide At an alveolar level 
this is precisely the type of abnormality which 
dominates the picture of advanced emphysema 
Other alveoli will be overventilated; this may 
"blow off" some extra carbon dioxide and thus 
compensate in this regard for the underventilated 
alveoli, but the blood cannot take up any more 
oxygen than it can normally carry. An over-
ventilated alveolus cannot therefore compensate 
for the oxygen lack produced by an under-
ventilated one. 
Functional Tests—If a normal person breathes 
pure oxygen instead of air, within a minute or 
so he will have "washed out" all the nitrogen 
from his lungs. If some parts of the lung are 
poorly ventilated, ^ as in asthma and emphysema, 
it may be ten minutes or more before the last 
of the nitrogen is washed out completely The 
time taken reflects the efficiency of gas mixing m 
the lungs; poor mixing is likely to be associated 
with uneven alveolar distribution of air Other 
methods are available which, although more 
accurate, are more complicated 
Physiotherapeutic Considerations—These are 
probably negligible because uneven alveolar 
ventilation is chiefly the result of structural 
changes in the lung. However, I have obtained 
some inconclusive experimental evidence that 
intrapulmonary gas mixing is less efficient during 
"upper chest" breathing than during diaphrag-
matic breathing, at least in normal subjects. There 
is limited evidence from other sources to support 
this suggestion. If correct, it merely stresses the 
desirability of teaching diaphragmatic or 
abdominal breathing when this is possible. 
The Cost of Ventilation in Terms of Mechanical 
Work and Oxygen Requirements 
"Heavy breathing", from whatever cause, 
means increased activity of the respiratory 
muscles and hence an increased oxygen require-
ment. There is thus a tendency to create a vicious 
circle because an increased oxygen requirement 
means a need for increased ventilation. In fact, 
there comes a time for all of us when it 
becomes inefficient to breathe any more deeply 
because by so doing we increase our oxygen 
requirements out of proportion to the value of 
the increased ventilation. None of us, on the 
most strenuous exercise, uses more than about 
75% of our maximum breathing capacity. 
Excessive or superfluous use of accessory muscles 
is obviously uneconomical in terms of oxygen 
requirements. It is likely, although as far as I 
know unproven, that "upper chest" breathing, 
commonly seen in states of anxiety or tension as 
well as in asthmatic patients in or between attacks, 
is inefficient or uneconomical compared with the 
normal predominantly diaphragmatic type of 
breathing. An increase in the amount of work 
necessary to expand the lungs on inspiration also 
means an increase in muscular work and an 
increase in oxygen requirements. If the lungs 
become abnormally stiff or rigid, as they do when 
they are subject to diffuse fibrotic changes, 
greater muscular effort is required to expand 
them. Emphysematous lungs, although not in the 
main fibrotic, behave mechanically as though they 
were stiff. More work is also necessary to inflate 
or deflate the lungs against a resistance, as occurs 
in the bronchi and smaller air passages in asthma 
and emphysema, or with "bronchospasm" of 
whatever cause. The importance of this factor 
can be appreciated by breathing through a small 
orifice for a few minutes It is also interesting 
to note that "upper chest" breathing often 
develops in normal subjects during this experi-
ment. 
Functional Tests—Electromyography can be 
used to indicate the activity of certain muscle 
groups during respiration (Campbell and Friend, 
1955; Campbell, 1958). The oxygen cost of ven-
tilation can also be estimated but the technique is 
not a simple one Stiffness of the lungs may be 
recognized by measuring the decrease in intra-
oesophageal pressure (which is the same as intra-
pleural pressure for practical purposes) required 
to produce a certain change in the volume of the 
lung; stiff lungs need a greater fall in pressure 
(which is achieved by greater muscular effort) 
in the thorax to expand them. By plotting volume 
change and pressure change over a complete cycle 
of inspiration and expiration an estimate of the 
mechanical work done on the lungs with each 
breath can be obtained 
Physiotherapeutic Considerations —P h y s i o -
therapy cannot influence stiff lungs and it is 
uncertain whether it can exert a direct, specific 
PULMONARY FUNCTION AND PHYSIOTHERAPY 9 i 
influence on bronchial calibre, although it may 
affect "bronchospasm" indirectly through higher 
nervous centres. Physiotherapeutic methods 
cannot therefore decrease significantly the 
mechanical work necessary to inflate the lungs. 
On the other hand, as Sinclair (1955) has sug-
gested, they may very well be directed towards 
the elimination of excessive or superfluous mus-
cular activity during respiration, thus keeping the 
patient's oxygen requirements to a minimum. For 
this reason, relaxation and economy of effort, in 
breathing and in other activities, become funda-
mental principles in the development of rational 
breathing exercises In passing it may be men-
tioned that effective muscular relaxation will not 
be achieved in the absence of mental relaxation; 
here physiotherapy and psychotherapy merge 
(Ross, Gandevia and Bolton, 1958). Expiration is 
normally a passive process, even during moderate 
exercise, with an oxygen requirement of nil as a 
result. Any muscular activity during expiration 
automatically produces an increased oxygen 
demand. On this ground alone it is illogical 
deliberately to teach active expiration to a long-
suffering patient already having difficulty in satis-
fying his oxygen requirements. There are other 
reasons for avoiding active respiration, and none 
of them is outweighed by the nebulous reasons 
advanced in support of this procedure. Rather, 
I would put forward the hypothesis, with only 
minor reservations, that active or forced expira-
tion is never -efficient and never necessary. It is 
also unnecessary and undesirable as a teaching 
aid as the results of a controlled clinical trial 
in asthma have indicated (Bolton, Gandevia and 
1 In the discussion which followed this paper it became 
apparent that insufficient distinction was made between 
structural or pathological emphysema on the one hand 
and so-called functional emphysema, better termed over-
inflation, on the other. I n this physiotherapists are not 
alone, for the word emphysema, when loosely used by 
clinicians, radiologists, clinical physiologists and patho-
logists, has a different meaning for each Structural 
emphysema is a diffuse pathologial process involving 
alveoli and bronchioles and producing permanent and 
irreversible disorganization of the lung tissue. With this 
conditior is commonly associated a relatively small pro-
portion of reversible abnormality, probably of the nature 
of bronchial spasm, sometimes, but not always, manifest 
as an audible wheeze. The importance of this component 
lies not so much in its magnitude as in its potential 
responsiveness to treatment; the structural changes are 
not basically amenable to treatment, physiotherapeutic or 
otherwise Overmflation or functional emphysema is not 
necessarily accompanied by structural change and is 
potentially wholly reversible I t is an accompaniment of 
an increase m airways resistance, as occurs with bronchial 
spasm, to which, at least in part, it is a homeostatic or 
physiological response To illustrate the former condition, 
we may describe an elderly or middle-aged male, cyanosed 
and slightly short of breath even at rest, who can walk 
a hundred yards on the flat at his own pace before short-
ness of breath forces him to rest; he cannot keep up with 
others of his own age even over much shorter distances 
The shape of his chest is irrelevant; it ma j or may not 
appear distended or "barrel-shaped" The reversible com-
ponent of his disability is illustrated if on a "good day", 
he can perhaps manage two hundred yards, while on a 
bad day, when he may notice a slight wheeze or tightness 
in his chest, he cannot leave the house; even to dress 
himself or to talk may make him dyspnoeic At the other 
end of the scale there is ihe youth subject to paroxysms 
Ross, 1956). In emphysema in many cases there 
is clear evidence that air is expelled from the 
lungs more effectively when little or preferably 
no active effort is made to expire (see below). 
The elimination of excessive activity of inspira-
tory muscles may, in an individual patient, mean 
the elimination of all or of almost none of the 
activity of these muscles. Some patients with 
advanced emphysema are compelled to use acces-
sory muscles to obtain an adequate air intake.1 
Attempts to stop their use may do more harm 
than good and may be partly responsible for the 
totally uncoordinated and chaotic movements of 
the diaphragm, thorax and abdomen which are 
occasionally observed in the course of physio-
therapy ; these movements are suggestive of 
panic In less severe cases some reduction in 
accessory muscle activity is usually possible. As 
a general rule, in the absence of an exacerbation 
of wheeze of infection, all patients can learn to 
breathe in a relaxed, and hence comfortable, 
fashion while at rest. 
In deciding how much accessory muscle activity 
can be dispensed with there is no alternative to 
trial of total elimination. Most patients can do 
this for a few breaths quite easily. If they cannot 
continue and their tidal volume seems to have 
fallen, the outlook is unfavourable, but as failure 
may be psychological rather than physiological, 
the experiment should be repeated from time to 
time With appropriate apparatus it is possible 
to make these observations quantitative. The 
behaviour of the subcostal angle is a helpful 
guide Normally this widens on inspiration. If 
it narrows on inspiration in an emphysematous 
of asthma, associated with the alleged physical signs of 
"emphysema", when he is short of breath even at 
rest; between attacks he plays football and squash 
Between these extremes there are all grades of disability 
with varying proportions of reversible and irreversible 
damage The assessment of these proportions is often 
difficult or impossible on clinical grounds, even when 
combined with functional tests For practical purposes, 
the most effective method is to repeat clinical and physio-
logical studies after a period of intensive treatment with 
both drugs and breathing exercises Any observed improve 
ment is the effect of treatment on the reversible component 
and not an effect on underlying structural changes. Apart 
from any benefit attributable to physical and mental 
relaxation, there is reduction in overinflation and resting 
chest size, with a resultant increase in apparent chest 
mobility Reduction in overinflation is a response to an 
increase in bronchial calibre, that is, to a decrease in 
airway resistance This change may be effected by broncho-
dilator drugs, by the elimination of bronchial infection 
and possibly indirectly by physiotherapy; it also occurs 
spontaneously as part of the variability of the natural 
history of the disease 
This note has been added to make two points which the 
lecture did not make with sufficient clarity: there are 
structural limitations upon the role of physiotherapy on 
emphysema as here defined; because of these structural 
changes, and because of the variable proportion of associ-
ated reversible change, physiotherapeutic aims must be 
modified to suit the individual case. Furthermore, over 
enthusiastic claims that breathing exercises radically 
influence "emphysema" (without due regard to definition) 
do the cause of physiotherapy more harm than good in 
the eyes of clinicians who in the main rightly regard 
emphysema as a fundamentally unalterable disease 
process 
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patient, the diaphragm is very low and flat j 1 on 
contracting, instead of descending, it merely pulls 
the chest wall inwards. This movement is totally 
ineffective in producing entry of air into the 
chest; the use of accessory muscles is obligatory, 
and cannot be stopped. In my experience of 
these patients the position of the diaphragm is 
almost fixed not only on inspiration but also on 
expiration, even when this is prolonged. Thus 
no benefit attends the use of the latter as a 
physiotherapeutic technique m precisely the 
situation in which there is theoretical justifica-
tion for "repositioning" the diaphragm by some 
active means. I cannot recall a patient with 
uncomplicated asthma who showed definite 
narrowing of the subcostal angle on inspiration, 
although sometimes mspiratory widening is very 
small 
"OVERALL" VENTILATORY CAPACITY 
Our review has traversed virtually the entire 
field of pulmonary function without reference to 
some of the commonest tests used to assess it. 
This is because these tests are concerned mainly 
with the mechanical task of getting the air in 
and out of the mouth, a matter of some import-
ance, but, as we have indicated, of secondary 
significance relative to the concept of alveolar 
ventilation Furthermore, these tests are in fact 
pieces of respiratory gymnastics which the normal 
subject is not called upon to perform in response 
to the most severe physiological demands and the 
sick patient comparatively rarely They are thus 
rather artificial tests, and it is almost a lucky 
chance that some of them, under certain con-
ditions, are related to exercise tolerance and 
disability. 
The oldest of these tests is the vital capacity. 
As no-one ever uses it in breathing, or at least 
no-one likely to be encountered in a physio-
therapy department, it has little functional sig-
nificance. This should be clear from what has 
already been said; it is not the amount of air 
win J i goes m the mouth but what happens to that 
portion entering the lung alveoli which is impor-
tant. It has a limited value in that sometimes the 
vital capacity is lowered roughly in proportion 
to the extent of the disease. This is reasonably 
true of diffuse interstitial fibrosis and man-made 
conditions such as lobectomy and pneumonec-
tomy; it may be noted that it is not true of 
emphysema and asthma. Its mam value lies in the 
fact that the mean of three properly performed 
estimations is reasonably constant for a given 
subject, so that a change (of about 10% or more) 
has some significance. It is therefore useful as 
an objective means of following progress under 
treatment, but it must either be assumed, or m 
a particular investigation demonstrated, that 
changes in the vital capacity reflect comparable 
changes in the clinical condition. A close cor-
relation is not inevitable. 
1 Occasionally this is produced by costodiaphragmatic 
adhesions but these are recognizable radiologically. 
To digress for a moment, there are other 
so-called subdivisions of lung volume besides 
the vital capacity, and of these the most important 
functionally is the functional residual capacity, 
the volume of gas remaining in the lungs at the 
end of a normal expiration. Normally it measures 
about two to three litres. It is this gas which 
"dilutes" the fresh air of the next breath and 
which itself is continually being washed out and 
replaced. Obviously, it is disadvantageous to 
the individual for this volume to become exces-
sively large, as it does in many cases of structural 
emphysema. The functional residual capacity can 
be measured by observing the fall in helium con-
centration in a mixture of helium and air breathed 
by the patient in a closed system for a few 
minutes. Helium is inert in that it is not absorbed 
in the lungs, and therefore its concentration 
decreases by an amount proportional to the 
volume of air added to the spirometer system, 
that is, to the volume of air in the subject's lungs 
The physiotherapeutic significance of the func-
tional residual capacity has been over-emphasized 
for several reasons Firstly, the resting size of 
the chest is determined by a balance of mechanical 
forces, notably the elasticity of the lungs and 
chest wall, on which breathing exercises cannot 
be expected to exert any direct influence. 
Secondly, the physiological response to any 
increase in airways resistance is to increase the 
size of the chest and to breathe "at a higher 
level" as it were, that is, to increase the func-
tional residual capacity. An increase in the 
resistance to gas flow along the air passages is 
an integral part of the functional disturbance in 
asthma and emphysema, and the purpose of 
increasing the "level" of breathing is to improve 
the mechanical efficiency of respirati.on. This 
is brought about (a) because the increased lung 
size means an increased elastic recoil so that 
expiration tends to remain a passive and hence 
an economical process, and (b) because the 
increased lung size means an increase in bronchial 
calibre so that air may pass in and out at less 
cost in work. In effect, the patient tries to 
breathe "above" his wheeze. It is scarcely 
reasonable to attempt to combat a homeostatic 
response, although it is not suggested that all 
of the increased functional residual capacity of 
emphysema is attributable to this mechanism. 
Part of the increase m functional residual 
capacity in emphysema is due to structural 
changes m the lung, forming a third reason for 
considering the physiotherapeutic implications of 
this lung volume to be overrated; it has already 
been stressed that breathing exercises can not be 
expected to influence structure. Fourthly, a 
reduction in functional residual capacity need not 
necessarily mean improvement in the distribution 
of gas to the alveoli relative to their blood supply, 
nor a reduction in the work of respiration. 
Fifthly, both the depth and rate of respiration 
are automatically adjusted by the body in such 
a way that breathing is conducted as economically 
as possible in terms of work and oxygen cost. 
Prolonging expiration is uneconomical on these 
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grounds, whatever transient benefit may be con-
ceded as a result of the temporary reduction in 
functional residual capacity In any case, the 
effect is attainable only for short periods of 
voluntary control of breathing; it cannot become 
a permanent mechanism Furthermore, a glance 
at the expiratory spirogram (Figure 2) will 
1 2 5 4 5 4 
TIME Seconds 
FIGURE 2: The normal forced expiratory spiro-
gam (A) and one from a patient with either 
asthma or emphysema. The small volume 
expired in the first second of a maximum expira-
tion in either of these two conditions is apparent. 
The prolongation of expiration, which is charac-
teristic of these conditions, is also shown; 
towards the latter part of expiration extremely 
little gas is exhaled in spite of continued 
maximum effort. 
show how ineffective prolonged expiration is in 
shifting air out of the lungs and consequently 
riow ineffective it is in reducing functional 
residual capacity. Thus in one patient with severe 
•emphysema 590 ml. were expired in the first 
second of a forced expiration, 220 ml. in the 
second second, 100 ml. in the third and 400 ml. 
in the next seven seconds. Even after making 
certain necessary allowances, it is obvious that 
prolongation of expiration in this patient would 
make no significant difference to his functional 
residual capacity of nearly 4*5 litres; in any case 
no amount of persuasion would induce him to 
put up with the discomfort of expiring for six 
or seven seconds as a habit. From all this it 
may be concluded (a) that it is uncertain whether 
any reduction in functional residual capacity is 
physiologically desirable, (b) that a significant 
reduction is unattainable at least in more severe 
cases of asthma and emphysema, where the need 
if conceded, is presumably greatest, and (c) that 
even if some reduction is possible, it can be 
maintained only for a short period of voluntary 
controlled breathing Reducing the size of the 
overexpanded chest of asthma and emphysema 
by breathing exercises is a physiotherapeutic 
chimera. The appropriate physiological approach 
to reducing the functional residual capacity is 
to increase bronchial calibre which, as stated, 
tends to produce a reduction in the resting size 
of the chest and lungs. 
The maximum breathing capacity is the \olume 
of air which the patient can shift in one minute, 
breathing as deeply and as quickly as he can. In 
asthma and emphysema the results of this test 
are a much better index of disability than the 
vital capacity, but it has a number of disadvan-
tages. These include some discomfort to the 
patient, relative complexity and lack of repeat-
ability, and failure in many instances to show 
abnormality in those lung diseases which are not 
associated with an increase in airways resistance, 
such as the diffuse fibroses. The test has no 
direct physiotherapeutic implications. 
More information and greater accuracy is pro-
vided by single-breath tests of ventilatory 
capacity. These are based upon a maximally fast 
(expiratory) vital capacity manoeuvre delivered 
into a special spirometer which writes its message 
on paper moving at a speed of one to two centi-
metres per second. The normal curve (Figure 2) 
is smooth and steeply descending so that within 
one second 75% of the vital capacity is 
exhaled, and expiration is complete within three 
seconds. In severe asthma and emphysema only 
25% of the vital capacity may be expired 
in the first second; because of the partial bron-
chial obstruction flow is retarded throughout 
expiration which is not complete for ten or more 
seconds. In conditions in which the ventilatory 
defect is restrictive rather than obstructive, such 
as diffuse pulmonary fibrosis, anklyosing 
spondylitis and post-poliomyelitis weakness of 
respiratory muscles, a different pattern of 
abnormality is seen Approximately 75% 
of the vital capacity is expired in the first second 
because, as in normal subjects, there is no 
obstruction to air flow; on the other hand, the 
vital capacity itself is reduced. 
Study of expiratory spirograms reveals one 
point of direct relevance to physiotherapeutic 
technique. In certain cases of emphysema the 
spirogram of forced respiration takes a curious 
form. There is a brief initial phase of very rapid 
gas flow during which about 150 to 250 ml. of 
gas are expired. This is followed abruptly by a 
prolonged phase of very slow flow. When, instead 
of a forced expiration, these patients give a 
relaxed sigh after taking a full inspiration, that 
is they expire in a passive, unforced manner, 
mean expiratory flow is increased, in many cases 
considerably so. An increase in flow associated 
with a decrease in muscular work obviously 
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means greatly increased efficiency. Broncho-
graphy during active expiration in some of these 
patients (Gandevia and Hare, unpublished obser-
vations) shows extreme localized narrowing at 
one or more points in the large bronchi 
(Figure 3). This finding illustrates what at all 
costs a physiotherapeutic method must avoid, 
yet this is precisely what is likely to occur if the 
physiotherapist teaches active expiration to these 
unfortunate patients; the phenomenon occurs 
even when expiration is not maximally forced. 
T H E RATIONALE AND ROLE OF P H Y S I O -
THERAPY IN PULMONARY DISEASE 
When we first became interested in the 
physiotherapy of asthma and emphysema 
over eight years ago, I thought that the 
principles of treatment for asthma and 
emphysema might well differ radically, 
chiefly because the former condition was 
fundamentally a disorder of function and 
the latter one of structure. Time, experi-
ence and examination of the experimental 
studies of many observers besides ourse*ves 
have provided little to support this view. 
Instead, it is possible to offer the same basic 
rationale for the physiotherapy of both. 
The essential aim of physiotherapy must 
be to teach the patient to breathe with the 
greatest possible economy of effort. The 
physiotherapeutic technique by which this 
may be achieved is relaxation. This pro-
vides physiological benefit by reducing the 
muscular work of respiration through the 
elimination of superfluous muscular activity 
during inspiration and particularly during 
expiration, which is normally a passive 
process. Inasmuch as efficient muscular 
relaxation requires effective mental relaxa-
tion, physiotherapy is intimately linked 
with psychological benefit. Extension of 
the principle of economy of effort and 
relaxation to all activities provides the 
patient with a way of life which may 
declare itself in an apparent increase in 
exercise tolerance in the emphysematous 
subject and in a reduction in the number 
and severity of attacks in the asthmatic. 
FIGURE 3 (A) . FIGURE 3 (B) . 
During inspiration (A) the bronchial tree is widely patent; during forced expiration (B) 
there is gross localized narrowing with obstruction to air flow at the arrow. This 
phenomenon, frequently noted in emphysematous patients is not the uniform bronchial 
narrowing which normally occurs during expiration and wlrch can be seen in othei 
bronchial branches. 
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The mechanisms or patterns of muscular 
activity of respiration are a subsidiary 
consideration. They are given fuller atten-
tion in regard to asthma in a previous 
paper (Ross, Gandevia and Bolton, 1958). 
Obviously they must be carefully studied in 
each individual patient with a view to 
eliminating excessive or superfluous 
actions. The physiotherapeutic aim is to 
teach the patient to breathe normally, that 
is, predominantly "diaphragmatically'* or 
abdominally. In asthma release from ten-
sion and the effective achievement of 
relaxation, mental and physical, produces 
of itself a change of the "upper chest'' 
breathing pattern towards normal. In 
advanced emphysema the inefficiency of the 
low flat diaphragm and the relative 
immobility of the lower chest wall may 
mean, in advanced cases, that accessory 
muscles must inevitably be used to obtain 
a satisfactory tidal volume with each 
breath. In these cases a return to the 
normal pattern of respiration is impossible 
at least during any exertion; the most 
that can be done is to keep the inspiratory 
muscular activity to a minimum and at 
least to save the patient the wastage 
of effort entailed in active expiration. As 
has been stated, any attempt to teach him 
the impossible, that is to breathe almost 
exclusively abdominally, or to breathe too 
deeply or too slowly, is, I believe fraught 
with danger. Perhaps it is not fully appre-
ciated that although diaphragmatic descent 
is poor in these cases, diaphragmatic con-
traction is probably maximal or nearly so. 
Improvement in diaphragmatic descent on 
inspiration in this situation can come only 
by giving it a better chance to descend, 
not from trying to "educate" it to con-
tract more.1 The only physiotherapeutic 
way of giving it this chance is to reduce 
any simultaneous upper chest elevation, 
which seems to be an uneconomical 
manner of breathing. Once again we are 
back to the principle of relaxation. 
Incidentally, either in asthma or emphy-
a The relationship between costal and diaphragmatic 
movements is a vexed question to which there is as yet no 
complete answer A full discussion is beyond our present 
scope Easily the best review of this complex subject is 
that of Moran Campbell (1958) although there is still 
room for argument, in my view, with some of his 
conclusions 
sema, any hope there may be of improving 
diaphragmatic contraction lies in making 
the diaphragm contract, that is, in teaching 
active inspiration. This should be self-
evident and it is mentioned only because of 
the curious but popular notion that 
diaphragmatic function is best improved 
by teaching active expiration, a movement 
effected by contraction of abdominal 
muscles. Who would aim to strengthen the 
biceps by giving triceps exercises? 
T H E PAST AND THE FUTURE 
The physiotherapeutic horizons which I 
have attempted to sketch on a rather broad 
canvas may seem too close, but in fact I 
remain an enthusiastic advocate of good 
breathing exercises not only for asthma 
but also for emphysema. Nonetheless I 
would like to have more objective evidence 
in support ot my contention that, logically 
dexised and applied, they are of consider-
able value. I believe this is possible. Unfor-
tunately physiotherapists and physicians 
alike have left it to respiratory physiologists 
to attempt to demonstrate improvement 
after breathing exercises. No reported 
study has yet succeeded in doing this 
unequivocally in spite of the use of a 
battery of functional tests. Their findings 
have enhanced the scepticism of many 
clinicians, admittedly mostly those who 
have not had the opportunity to collaborate 
with experienced and specialized physio-
therapists, who contend that any subjective 
benefit claimed is either wholly psycho-
logical or related to a general slowing-up 
of the patient's activities. Indeed, as has 
been pointed out, good physiotherapy 
includes an appreciation of both these 
factors. 
However, the failure to demonstrate 
objective improvement is partly due to the 
fundamentally wrong approach whereby 
the respiratory physiologist has been forced 
to tackle the question whether breathing 
exercises do any good. He should have 
been set the problem, perhaps more within 
his province, why do they do any good? 
This could have been done if physician or 
physiotherapist had first clearly shown that 
patients treated with breathing exercises 
were able to climb more stairs after treat-
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ment than a comparable group of patients 
treated by some "placebo" procedure, such 
as light massage to the chest wall. This is 
not perhaps as easy an experiment as it may 
seem at first sight but it is certainly feasible 
and it is certainly ethically justifiable. The 
fact that many of us believe that the treated 
group would fare better does not absolve 
us from the obligation to prove it if we 
want breathing exercises permanently to 
assume their proper role. My colleagues 
and I believe that we have gone a long way 
towards proving the value of breathing 
exercises in asthma but the situation 
remains uncertain as far as emphysema is 
concerned. 
Once this proposition is established for 
emphysema—and it is by no means too late 
—one should proceed to determine why or 
how breathing exercises helped. If I were 
faced with this task, I would select two 
approaches as the basis of the investigation; 
neither is original. The first would be to 
study the oxygen cost of ventilation in 
various circumstances. The second, and 
this is within the resources of a physio-
therapy department, would be an electro-
myographic study of the behaviour of 
various muscles in relation to minute 
volume before, during and after exercises 
in patients and in various circumstances 
in normal subjects. Most other tests of 
pulmonary function are either inappro-
priate for one reason or another or else they 
have been tried with little or no success, 
due, I think, partly to the dominance of 
irreversible changes in the emphysematous 
subjects commonly selected for study. 
Thus physiotherapists have it within 
their power to demonstrate the value of 
breathing exercises and perhaps to show 
something of the mechanisms involved. 
Both studies are overdue. 
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